Environmental pollution caused by release of toxic metals (rare earth elements, etc.) into aquatic environment as a result of industrial activity is one of the serious global issues, thus development of different efficient methods for removal of these metals from wastewaters seems to be important subject today. Carbon nanoparticles (CNPs) are well-known to have the superior adsorption efficiency toward heavy metals in aqueous solution. However, little research has been dedicated to exploit their use for the removal of rare earth elements (REEs) from contaminated water. Therefore, the environmental application of CNPs to remove Lanthanum (La III) and Neodymium (Nd III) from wastewater was performed. In this work, Adsorption experiments were carried out by batch mode adsorption to investigate the influence of different conditions that enhanced the adsorption of La(III) and Nd(III) by CNPs such as pH of solution, adsorbent dose, contact time, and initial concentration of investigated rare earth elements. The obtained results showed that the optimum adsorption for the removal both studied metals from contaminated water were 0.02 g/25 ml of CNPs at pH 7.0 after 40 min of adsorption. This work demonstrates that CNPs can be considered as potential adsorbents to target metal ions from wastewater.
cy and environmental chemistry [42] [43] [44] . REEs are also used in agriculture to improve the yield and quality of crops as well as the production of animal in many countries [45] [46] . Lanthanum and Neodymium have been widely used in Russia in electronics components, artistic glasses, optic filters, steel modifiers, and hydrogen stockage. Because of their applications in various fields, the content of these metals have increased in the environment.
REE-based applications in expansive districts and various fields over a long period of time have increased the content of REEs in the environment [47] [48] . Therefore, the increase in REEs level in the environment caused by anthropogenic activities has become a global environmental issue [49] .
Based on the above considerations, the aim of this investigation is carried out to determine the adsorption potential of carbon nanoparticles for the removal REEs [Lanthanum (La III) and Neodymium (Nd III)] from a model solution of wastewater. The effective parameters such as solution pH, dosage of CNMs, contact time factor and the initial concentration of REEs on the adsorption were optimized in order to achieve a better understanding of the adsorption process and to enhance the maximize efficiency of REEs removal from polluted water in batch experiments.
Materials and Methods

Materials and Reagents
Carbon nanoparticles were provided by D. Mendeleyev University of Chemical Technology of Russia and were used as received. Nanostructure of the CNPs was determined by Scanning electron microscope (scanning electron microscope EPMA JEOL 1610LV; SSD, X-Max, JEOL, Japan).
All glassware used in these experiments was acid-washed prior to use with nitric acid 5%, 24 h, and deionized (DI) water were used to prepare dilute solutions of the wastewater.
Batch Adsorption Experiments
Batch mode adsorption studies were carried out by soaking 25 mg of the CNPs into 25 ml wastewater containing Lanthanum(III) and Neodymium(III).
To study the effect of contact time, batch experimental procedures were conducted in different shaking times of: 25, 50, 75, 100, and 125 min at pH value of 3.0, while the other parameters such as sorbent dosage 25 mg and concentration of metals were kept constant.
Adsorption experiments were conducted by shaking 25 mg of the CNPs with different initial concentrations of Lanthanum and Neodymium ranging from 1 to 30 µg/l for 2 h. After separation, the final concentrations of metal ions in the solutions were measured.
To study the effect of sorbent dosage, batch experiments were conducted by mixing different sorbents masses of 0.01, 0.02, 0.03, 0.04 and 0.05 g/25 ml and the other parameters such as contact time 120 min, pH 3 and concentration of metals were kept constant.
Adsorption behaviors of La(III) and Nd(III) for the same initial concentration and equilibration time were studied as a function of pH, the initial pH values were adjusted from 2.0 to 10.0 using solutions of 0.1 mol/L of H 2 SO 4 and 0.1 mol/L of NaOH and the suspensions were obtained by adding 25 mg of the adsorbent to 25 mL of metal solution. Then, the suspensions were agitated at desired speeds using a mechanical shaker for 120 min at 20˚C ± 1˚C and monitoring the pH with calibrated pH meter. The removal efficiency of lanthanum and Neodymium was calculated as the difference between the initial and final concentrations when the equilibrium was reached. The results are based on at least three replicate experiments for each pH value.
After equilibrium was reached, the suspensions were filtered through 0.1 µm membranes, and the initial and equilibrium metal concentrations then measured using the ICP-MS (XSeriesII Thermo Scientific Inc., USA). The removal efficiency of Lanthanum and Neodymium was calculated as the difference between initial and equilibrium metal concentration.
Adsorption Kinetics
The amount of metal ion adsorbed onto CNPs was expressed as the adsorption capacity and computed by the following equation [50] .
q is the amount of metals ions adsorbed by the carbon nanoparticles (mg/g). C 0 and C t are the initial and equilibrium concentrations of metal ions, respectively, in solution.
V and m are volume of solution and weight of adsorbent, respectively. The percentage of removal efficiency (E %) of the adsorbent on metal ions in solution was calculated using the following relationship:
where: C 0 and C e are the initial and final concentration of heavy metals in the solution phase. All the batch experiments were performed in triplicate and the negative controls (with no adsorbent) were simultaneously carried out to determine metal ion loss during the adsorption due to the glassware or any of the experimental.
Results and Discussion
The physical characterization of the nanocomposite is crucial to prove that the nanomaterial was well developed. The textual structure of adsorbent surface (Figure 1 ) was observed by using a scanning electron microscope (Scanning electron microscope EPMA JEOL 1610LV; SSD, X-Max, JEOL, Japan). The morphology of the investigated carbon nanoparticle samples is fairly heterogeneous and comprised of grains with particles sizes and the specific surface area was > 1800 m 2 /g. The structural uniformity is lacking and grains of varying particle sizes reflects to the process used for synthesis of carbon nanoparticles.
Details of the microstructure of the particles and surface structure of CNPs are revealed by high-resolution TEM images, as shown in Figure 2 . Clearly, the particles of these CNMs exhibit well-graphitized structure, and no amorphous carbon is present. 
Effect of Solution pH
Because the pH value of the solution acts as an important parameter controlling the adsorption process, which can alter the surface properties of the adsorbent by involving complex mechanisms [51] , the influence of hydrogen ion concentration on the adsorption of La(III) and Nd(III) was conducted at pH levels ranging from 2.0 to 10.0. The relationship between the initial pH values and the quantities of La and Nd adsorbed on CNPs adsorbents is illustrated in Figure 3 .
As shown in the figure, the adsorption of La(III) and Nd(III) on CNPs was strongly dependent on pH. Clearly, the removal efficiency of La and Nd shows a gradual increased from 0.00% to 99.00% and 0.88% to 99.00% respectively. The percentage adsorption of La and Nd shows a gradual increase from pH 2 to pH 7, then the adsorption remains constant up to pH 10.
The low sorption in the acidic region can be partially attributed to the positively charged sites in the acidic region is dominate; this enhances the electrostatic repulsion forces existing between the sorbent surface and metals [7] . Therefore, the active sites of adsorbents are less available to metal ions because of the protonation of active sites at the high concentration and mobility of the hydronium ions (H+) present favored the preferential adsorption of hydrogen ions over metal ions which lead to the high competitive adsorption between hydrogen ions and metals on the same sites. These changes could be explained by considering the surface charge of the carbon nanoparticles; the degree of ionisation; and the species of metals available in aqueous solution [52] . Hence, adsorbents have low capacity at low pH levels.
Higher pH is favorable for the deprotonation of hydroxyl groups on the sorbent surface [53] . Increased deprotonation results in the increase of the negatively charged sites, and then the linked H + released from the adsorbent is greater, consequently more active sites become available for binding with metal ions due to the decrease of protons (H + ) in solution. Because of the release of H + from the surface, the surface charge of CNPs is more negatively charged, which enhances an electrostatic attraction forces between the sorbent surface and the metals; however, La(III) and Nd(III), which are positively charged, can easily bind to negatively dissociated forms of active groups and form metal complexes with surface groups, and thus results in an increase in the adsorption capacity [28] [54].
Effect of Contact Time
The time needed for the interaction between the adsorbate and adsorbent is crucial (i.e., the faster the removal, the better the adsorbent). Hence, it is important to study the effect of contact time on the removal of the target metals with carbon nanoparticles. As can be observed, the % adsorption of La and Nd were (8.48% and 14.73%) after 20 min,and it increased gradually to reach 50.29% and 52.59%, respectively, after 40 min of adsorption and then remained constant for the rest of the experimental time (120 min). Based on these results, the optimal removal of La(III) and Nd(III) from an aqueous solution by CNPs was practically achieved within 40 min for confident that equilibrium was achieved. Figure 4 shows that the removal efficiency of La and Nd from the aqueous solution was increased quickly with time and then slowly reached equilibrium. The two steps adsorption, the first rapid and quantitatively predominant and the second slower and quantitatively insignificant, has been extensively reported in literature [55] .
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This observation demonstrates that the used nanostructured materials are more efficient because they can remove the metals much faster. Our results in agreement with previous studies, that have reported similar findings [56] [57].
Effect of Carbon Nanoparticles Mass
The aim of this section is determination the effect of sorbent dosage on removal efficiency that can be achieved at any pH. The influence of the carbon nanoparticles dosage on the percentage of REEs adsorbed from aqueous solutions is shown in Figure 5 . The experimental results revealed that the removal efficiencies of metalions increased with the increase in the sorbent mass.
An increase in the absorbent dosage from 0.01 to 0.02 g/25ml led to an increase sharply in the percentage of removal efficiency of La(III) from 99.1 to 99.5 and from 99.1 to 99.4 for Nd(III) while with the increase in the amount of investigated CNPs from 0.03 g to 0.05 g further significantly improvements in the percentage sorption of metal ions were not observed.
The increase of sorption percentage of metals with a rise in mass of absorbent could be due to the fact that increasing the adsorbent dose provided a greater surface area and more in the availability of activated adsorption sites which lead to increasing number of binding sites for the metals [58] [59].
Effect of Initial REEs Concentration
REEs that are present in contaminated environments exist in different concentrations depending on the sources of contamination. Thus, the adsorption behavior of CNPs for removal performance of La(III) and Nd(III) from wastewater was investigated as a function of their concentrations at constant temperature (25 ± 0.1˚C) by dif- , while keeping all other parameters constant. The sorption results of La(III) and Nd(III) using nanoparticles are shown in Figure 6 .
Generally, for both elements the percentage of adsorption increases slightly with increasing amounts of metal concentrations adds. The % adsorption of the La(III) and Nd(III) increased from 99.00 and 99.70 to 98.57 and 99.73%, respectively, with increasing of metal ions concentration from 1.0 µg/l to 30.0 µg/l. This observation could be attributed to saturation of the availability of active adsorption sites of the CNPs is still the same with increasing of metal ions concentration since the adsorbent used is the same [60] .
This simply suggests that, the saturation of the available active sites could strongly depend on the pH of the solution and its dose rather than on the initial concentration [60] .
The Sorption Capacity
The equilibrium sorption uptake (adsorption capacity) is one of the most important factor because it determines how much of the contaminant can be removed from the cleaned solution by a unit mass of the adsorbent. As observed in the figure, both the adsorption capacity of La(III) and Nd(III) present increasing trend with the rise of pH value. Moreover, it is observed that the adsorption capacity of La(III) is lower than that of Nd(III) in the pH ranging from 2.0 to 5.0 while the adsorption capacity of La(III) is higher than that of Nd(III) in the pH range from 6.0 to 10.0. This because of the lower penetration and inability of La to reach and occupy all active adsorption sites on CNPs sorbent in acidic region in comparison with Nd(III). While in alkaline region the investigated metals could be adsorbed on CNPs by the formation of metal complexes (covalent or ionic bonding) and/or precipitation and/or electrostatic attraction [28] . Preference of these mechanisms in each adsorbent and metal to some extent related to chemistry of metal, solution and nature of functional groups which induce negative charge on the CNPs surface and consequently oxygen atoms of these functional groups donate their single pair of electrons to the metal ions [26] . Therefore, the dominant mechanism adsorption of investigated REEs may be complexes and precipitation. 
Conclusions
The application of carbon nanoparticles for the removal of metal ions from wastewater is one of the pioneer studies which have been done in environmental field.
In the present study, carbon nanoparticles was characterized with by field emission scanning electron microscopy and it has been investigated in the application as potential adsorbents to La(III) and Nd(III) from waste water. The efficiencies of the adsorbent have been determined by finding its adsorption capacity. The effects of varying parameters that affected the removal/adsorption process such as pH of the solution, the adsorbent dose, the time contact and the initial concentration of REEs were investigated.
The results demonstrated that CNPs could remove both of La(III) and Nd(III) from wastewater successfully and the percentage adsorption of La and Nd on CNPs was strongly dependent on pH. The removal efficiency of La(III) and Nd(III) shows a gradual increase from pH 2 to pH 7, and then the adsorption remains constant up to pH 10. Similar trend has been found in the effect of contact time which increases remarkably at the beginning of the experiment and then reaches equilibrium at 40 min.
The optimum absorbent dosage to achieve the maximum adsorption capacity was 0.02/25 ml and the percentage of adsorption increases for both elements slightly with decreasing amounts of metal concentrations adds.
